Theories of reading development highlight two core processes: phonological decoding and orthographic development (Frith, 1985; Grainger & Ziegler, 2011; Share, 1995; Ziegler & Goswami, 2005; Ziegler, Perry, & Zorzi, in press ). Although much is known about phonological decoding and its fundamental role in reading development (Goswami, Ziegler, Dalton, & Schneider, 2001; Treiman, Goswami, & Bruck, 1990) , our knowledge about orthographic development remains rather sketchy (Castles & Nation, 2006) . The key idea of all major theories on reading development is that once children know letters and their names, they apply this knowledge to learn about letter-sound correspondences (Treiman, Sotak, & Bowman, 2001) . The initially serial application of these letter-sound correspondences (serial decoding strategy) allows the child to access whole word phonology and, through this, meaning. Every successfully decoded word provides the child with an opportunity to set up direct connections between a given letter string (orthography) and the spoken word (phonology), which results in the development of an orthographic lexicon. This learning loop has been recently implemented in a computational model of reading development (Ziegler et al., in press ).
The prediction that follows from this general framework is that the development of an orthographic lexicon should progressively reduce the impact of phonological decoding on reading as children become skilled readers, whereas reliance on orthographic access processes should increase. Although this prediction is straightforward, the available data seem to suggest a more complex picture. First of all, robust effects of phonological manipulations-such as when people incorrectly classify a pseudohomophone (roze) as a member of a semantic category (flower)-are still found in skilled adult readers (Booth, Perfetti, & MacWhinney, 1999; Braun, Hutzler, Ziegler, Dambacher, & Jacobs, 2009; Diependaele, Ziegler, & Grainger, 2010; Ferrand & Grainger, 1992; Frost, 1998; Lukatela & Turvey, 1994a , 1994b Rastle & Brysbaert, 2006; Van Orden, 1987; Ziegler, Van Orden, & Jacobs, 1997) . Thus, phonological information continues to play a role in skilled reading even if the nature of the phonological activation changes in the course of reading development. For example, the slow and serial activation of phonology that characterizes early decoding strategies must be gradually replaced by a more rapid and parallel process, as suggested by the dramatic reduction of the word length effects in the course of reading development (Acha & Perea, 2008; Aghababian & Nazir, 2000; Ziegler, Perry, Ma-Wyatt, Ladner, & SchulteKorne, 2003) .
Second, there are problems with the prediction that reliance on orthographic access processes should increase during reading development. If we take the existence of the transposed letter (TL) effect (caniso primes CASINO) as the hallmark of orthographic processing (e.g., Acha & Perea, 2008; Castles, Davis, Cavalot, & Forster, 2007; Grainger, 2008; Grainger, Kiyonaga, & Holcomb, 2006; Lété & Fayol, 2013; Perea & Lupker, 2004; Ziegler et al., 2013) , the resulting picture is not straightforward because Castles et al. (2007) found TL effects to diminish with reading age, whereas Lété and Fayol (2013) found them to increase with reading age. Cross-language differences can hardly explain this discrepancy because Acha and Perea (2008) found the same pattern as Castles et al. (2007) although their study was conducted in Spanish, which is much more regular than English. Apart from these discrepancies, none of the previously mentioned studies investigated the joint effects of orthographic and phonological development. Given that models of reading development predict a shift from phonological decoding to parallel orthographic processing (e.g., Grainger & Ziegler, 2011; Share, 1995) , investigating the development of these two processes within the same paradigm is an important step ahead.
One recent study did directly compared an orthographic with a phonological marker effect in the course of reading development (Grainger, Lété, Bertrand, Dufau, & Ziegler, 2012) . As all studies discussed previously, used the TL effect as a proxy for orthographic processing. However, they did not use TL priming (caniso primes CASINO) but investigated to what extent participants could correctly reject TL nonwords, such as caniso, in a lexical decision task. As a proxy for phonological processing, they used the well-known pseudohomophone (PsH) effect, that is, participants' ability to correctly reject nonwords that sound like real words, such as brane (e.g., Goswami et al., 2001; Ziegler, Jacobs, & Klueppel, 2001 ). Using such PsH and TL nonwords in the nonword trials of a lexical decision task, Grainger, Lété, et al. (2012) indeed reported that the PsH interference effect diminished with reading age, whereas the TL interference effect first increased and then diminished.
One problem with Grainger, Lété, et al.'s (2012) study is that PsH and TL effects in the lexical decision task cannot unequivocally be attributed to either phonological or orthographic processing. For example, the PsH effect was found to decrease with reading age (i.e., fewer misclassifications of brane as a function of age). However, can we attribute this pattern to a reduction in the use of phonology, or is it not precisely the development of highquality orthographic representations that allows participants to correctly reject a PsH in the lexical decision task? Similarly, should stronger reliance on orthographic processing result in larger TL interference effects (i.e., greater reliance on coarse grained orthographic access) or should we expect smaller TL interference effects as a consequence of more precise orthographic representations? In fact, due to the complex decision operations that are inherent to the lexical decision task , using PsH and TL nonwords as stimuli for the "no" responses makes it rather difficult to interpret the size of these effects as a pure reflection of either orthographic or phonological processes that underlie task performance.
One solution to this dilemma is to use masked priming methodology, as has been done by Castles et al. (2007) ; Lété and Fayol (2013) , and Acha and Perea (2008) . The advantage of masked priming is that PsH and TL nonwords are no longer used as stimuli that participants have to reject but are used as subliminally presented primes, which require no response or decision. Priming effects are measured as decrease (facilitation) in response speed when the target is preceded by a related TL or PsH prime compared with an unrelated but orthographically matched control prime. That is, in both critical priming conditions, participants respond "yes" to a target word that is preceded either by a PsH prime, a TL prime, or an orthographically matched control prime. Thus, facilitatory TL priming (caniso primes CASINO more than its yoked control prime) can be unequivocally attributed to reliance on coarse-grained or flexible orthographic processing, that is, orthographic activation that tolerates some degree of mismatch in letter positions and/or letter orders (Davis, 2010; Gomez, Ratcliff, & Perea, 2008; Whitney, 2001) . In contrast, facilitatory PsH effects (brane primes BRAIN more than its yoked control) can unequivocally be attributed to the sublexical computation of phonology that activates the whole word phonology of the target word (Lukatela & Turvey, 1994b) .
The present study goes beyond previous studies in several important ways. First, it goes beyond the Grainger, Lété, et al. (2012) study because it allows us to unambiguously interpret the size of the marker effects in terms of either orthographic or phonological influences. Second, it goes beyond previous developmental priming studies (Acha & Perea, 2008; Castles et al., 2007; Lété & Fayol, 2013) because it contrasts orthographic with phonological development within the same children. Third, it uses a much broader range of reading levels (Grades 1-5) than previous studies, which allows these effects to be studied in a parametric fashion. Fourth, it builds on the advantages of masked priming while increasing measurement sensitivity via the so-called sandwich priming variant of this technique (Lupker & Davis, 2009) . Finally, it is of theoretical interest because the dual-route theory (Grainger & Ziegler, 2011) and the lexical-quality hypothesis (Castles et al., 2007) make opposite predictions as to whether TL priming effects should increase or decrease with reading skills. The dual-route theory predicts an increase in the size of the TL priming effect, whereas the lexical-quality hypothesis predicts a decrease in the size of the TL priming effect.
Method Participants
The initial sample consisted of 284 children. They were recruited from a single public elementary school in a middle-class environment in the center of Lyon, the third largest city in France, with a population of about 1.3 million people. The sample was ethnically diverse although only children with French as their native language were selected to participate in the study. Children This document is copyrighted by the American Psychological Association or one of its allied publishers.
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were tested at the end of their school year in June. Therefore, even first graders were able to decode novel words and read all of the target words (which were selected according to grade-appropriate norms; discussed later). For each grade level, two out of three classes from the same school were selected. Reading instruction in France is phonics based and follows a tight national curriculum. Thus, we presumed teacher effects on masked PsH and TL priming to be negligible. To ensure that all readers were reading at the expected grade level and in order to exclude children with potential reading impairments, we assessed the reading level of each participant with a standardized reading test (Alouette-R; Lefavrais, 2005) . Children with a formal diagnosis of dyslexia or those whose standardized reading score in the Alouette reading test was 18 months below the expected level (i.e., formal criterion used by dyslexia assessment centers in France) were excluded from the study. Finally, children whose teachers or parents reported spoken language impairments were also excluded. These criteria led us to retain a total of 267 children. Further information on gender, age and reading age per grade can be found in Table 1 .
Stimuli
The experiment consisted of two critical conditions, the pseudohomophone (PsH) and the transposed-letter (TL) condition. Each condition contained word and nonword targets that were primed by either PsH primes and their yoked controls or TL primes and their yoked controls. All primes were nonwords (see later sections). Target words were selected using MANULEX (Lété, Sprenger-Charolles, & Colé, 2004) , a computerized child lexical database that provides word frequencies for each grade compiled from over 1.9 million words taken from the major primary school reading books. To ensure that the children were familiar with the target words, we chose only words that appeared in each grade. For the purpose of the lexical decision task, we selected a set of nonwords that matched the target words in length and consonantvowel structure. All nonwords were orthographically legal and pronounceable letter strings in French. They were preceded by the same kind of primes as the word trials.
Pseudohomophone condition. Thirty-three French words four and five letters in length served as targets (see Appendix A). The word targets had an average frequency of 178 (SD ϭ 174) occurrences per million according to MANULEX (all grades combined). Average orthographic neighborhood size (OLD20) was 1.43 (Yarkoni, Balota, & Yap, 2008) . Each target word was associated with a PsH prime and a control prime. PsH primes were created with PHOM, a database of 14,000 French PsHs (Farioli, Grainger, & Ferrand, 2011) . They were constructed in such a way that their pronunciation, but not their spelling, was identical to the target (e.g., target: vase [vase] , pronounced /vaz/; PsH prime: vaze pronounced /vaz/). Orthographic changes only involved one phoneme of the target. The control primes had the same level of orthographic overlap with the target as the corresponding PsH prime but were phonologically different from the target (e.g., target: vase (vase); PsH prime: vaze; control prime: vare).
Transposed-letter condition. Thirty-six French words five and six letters in length served as targets 1 (see Appendix B). The word targets had an average frequency of 155 (SD ϭ 134) occurrences per million according to MANULEX (all grades combined), and an average orthographic neighborhood size of 1.44 (range 1.0 -1.9) measured with the OLD20 metric. Each target was associated with two prime types: (a) TL prime constructed by swapping two adjacent letters (only consonants were involved in the transposition) in the target, either the third and the fourth letter (for 17 items) or the fourth and the fifth letter (19 items); and (b) control primes constructed by substituting the transposed consonants by two other consonants (e.g., target: table; TL prime: talbe; control prime: tarfe).
Procedure and Apparatus
Participants were seated in front of a 17-in. color monitor connected to a Pentium III laptop computer (Intel Corp., Santa Clara, CA) running E-Prime software Version 2 at a viewing distance of approximately 60 cm. The stimuli were displayed in lowercase in 24-point Courier font with a 640 ϫ 480 resolution.
To amplify priming effects, we implemented the sandwich priming procedure (Lupker & Davis, 2009) . That is, before the presentation of the prime, the target word appeared subliminally for 27 ms before being replaced by the prime. Each trial thus consisted of the following sequence of events. Participants were presented with a fixation point ( ‫ء‬ ) for 1,000 ms, which was replaced by a target stimulus (in lowercase letters) centered on the fixation point for 27 ms. The target was then replaced at the same localization by a prime stimulus presented in lowercase. After 70 ms, the prime was replaced by the target presented in uppercase. The target remained on the screen until participants responded. They gave their response by pressing one of two response keys on the keyboard. Participants were instructed to respond as quickly and as accurately as possible.
Each participant saw each target only once (no target repetition). Given that we had 33 targets in the PsH condition and 36 in the TL condition, there were 69 critical related trials. Because the task was lexical decision, we also had to add 69 nonword trials for the "no" decisions, which led to a total of 138 trials per participant. These 138 trials were divided into six blocks of 23 items (6 ‫ء‬ 23 ϭ 138) with an approximately even number of trials per condition. The order of blocks was permutated using a Latin square design. There was a short 1-min break between each block. Two "warm-up" 1 Note that target words in the two conditions were not matched for length (four or five letters in the PsH condition and five or six letters in the TL condition). This is not a problem, however, because target words were not compared directly across conditions. Only the priming effects were compared across conditions, and priming effects were controlled for length because related and unrelated primes within a given condition were matched for length. Note. Standard deviations are in parentheses. This document is copyrighted by the American Psychological Association or one of its allied publishers.
3 ORTHOGRAPHIC AND PHONOLOGICAL MASKED PRIMING trials (excluded from subsequent analyses) were added at the beginning of each block. Because each target word was preceded by either a related or an unrelated prime, we had to create two lists such that a given target word was preceded by a related prime in List 1 and an unrelated prime in List 2. List assignment was counterbalanced across participants. Children were tested in groups of four by two experimenters in the same room in a single 25-min session. Children were given child-friendly instructions, and they were given a short training block to familiarize them with the lexical decision task. During the practice trials, experimenters were careful about the position of children in front of the screen, and their correct use of the keyboard to give their response.
Results
Items and participants producing more than 40% errors were excluded from the analysis.
2 This criterion led to the exclusion of nine items in Grade 1, two in Grade 2, one in Grade 3, and none in the other grades (excluded items are marked in Appendices A and B). Three participants were excluded in Grade 1, and two each were excluded in Grades 2, 3, and 4. For the remaining data, response times (RTs) that were three standard deviations (SDs) beyond the mean of the participant were excluded as outliers (Ͻ 1% of the data). RTs were inverse transformed (RT ϭ Ͼ 1/RT) before the analysis in order to normalize the RT distributions (Ratcliff, 1993) . This means that we transformed the classic latency measure (seconds per word) into a speed measure (words per second). Nontransformed mean RTs and error rates for both priming conditions across the five grades can be found in Tables 2 and  3 for the critical word trials.
Global Analysis
Error rates and inverse RTs for word targets were submitted to a three-factorial analysis of variance (ANOVA) with Grade (1-5), Prime (prime vs. control), and Condition (PsH vs. TL) as factors. Grade was a between-subjects factor, whereas Prime and Condition were within-subject factors.
The accuracy data showed a significant main effect of Grade, F(4, 234) ϭ 61.09, p Ͻ .0001, partial 2 ϭ .510; Condition, F(1, 234) ϭ 19.42, p Ͻ .0001, partial 2 ϭ .077; and Prime, F(1, 236) ϭ 7.41, p Ͻ .01, partial 2 ϭ .031. These main effects reflect the finding that error rate dropped from Grade 1 to Grade 5 (main effect of Grade), that word targets in the PsH condition yielded more errors than word targets in the TL condition (main effect of Condition, 10.3% vs. 8.3%, respectively), and that priming showed the expected facilitatory effect of reducing error rates for primed targets (main effect of Prime). None of the interactions reached significance, suggesting that both type of primes (TL and PsH) reduced error rates in a similar fashion across grades (all Fs Ͻ 1). Given that the triple interaction failed to reach significance in the global analysis, the accuracy data were not further broken down by condition.
The analysis of the inverse RT data (words/sec) revealed significant main effects of Grade, F(4, 234) ϭ 81.62, p Ͻ .0001, partial 2 ϭ .58, and Prime, F(4, 234) ϭ 131.75, p Ͻ .0001, partial 2 ϭ .36). The main effect of Condition was not significant, F Ͻ 1. The two-way interaction between the effects of Condition and Prime was significant, F(1, 234) ϭ 39.26, p Ͻ .0001, partial 2 ϭ .14, reflecting the fact that priming effects were stronger for TL than for PsH primes. None of the other two-way interactions was significant, all Fs Ͻ 1.5, all ps Ͼ 20. It is important to note that the triple interaction of the effects of Grade, Condition, and Prime was significant, F(4, 234) ϭ 3.42, p Ͻ .01, partial 2 ϭ .06, suggesting differences in the size of the PsH and TL priming effects across grades. This triple interaction is illustrated in Figure 1 . Indeed, while the size of the PsH priming effect remained relatively constant across grades, the size of the TL priming effect increased monotonically across grades. The two conditions (PsH, TL) are analyzed separately in the following sections.
PsH priming. The inverse RT data were submitted to a twofactorial ANOVA with Prime (PsH vs. controls) and Grade (1 to 5) as within-subject factors. The analysis showed significant main effects of Grade, F(4, 253) 
Effect Sizes
To analyze how the priming effects in the two conditions unfold across grades, we calculated the effect sizes for the PsH and the TL priming effect in two ways. First, we computed Cohen's d (M1 Ϫ M2/s pooled ) using the inverse RT data for each grade level. These results are plotted in Figure 2 , Panel A. Second, because absolute speed differences across different groups can lead to spurious overadditive interactions (Faust, Balota, Spieler, & Ferraro, 1999) , we standardized the raw RT data of each participant in each condition using z scores, such that each participant had a mean of zero in each priming condition. We then plotted the difference between the related and the unrelated prime condition expressed in z-score differences (see Figure 2 , Panel B). Despite the fact that the first analysis was based on inverse RTs, whereas the second was based on standardized raw RTs, both effect size analyses converged on the same result, namely, that the TL priming effect increased monotonically with grade, whereas the PsH priming effect remained constant. This is an important finding because the net priming effects using the untransformed RTs (see Table 2 ) would have suggested that the PsH priming effect decreases with grade while the TL priming effect remains constant. However, this pattern was clearly due to differences in absolute response speed across grades, which result in larger standard deviations in earlier than in later grades. When taking these differences into account through the computation of effect size measures, we clearly see that the TL effect increases with age, whereas the PsH effect remains constant.
Correlations With Reading Age
All previous analyses were based on grade. However, reading competence is a continuous variable, which was measured for each individual with a standardized reading test (Alouette-R; Lefavrais, 2005) . We therefore performed linear regression analyses to find out whether we could replicate the pattern we have described using reading age (RA) of each child rather than grade level. The analyses were performed using the standardized effect size measures for each priming effect and each child (z-score differences between the related and the unrelated condition) as the dependent variable (both for RTs and inverse RTs) and RA as the predictor variable. On the standardized raw RTs, the results showed a significant correlation between RA and TL priming (r ϭ .304, p Ͻ .0001), but no correlation between RA and PsH priming (r ϭ .052, p Ͼ .40). The same pattern was found on standardized inverse RTs with a significant correlation between RA and TL priming (r ϭ .355, p Ͻ .0001) but no such correlation between RA and PsH priming (r ϭ .057, p Ͼ .30). Thus, the correlation analyses join the effect size analyses (Figure 2 ) to suggest that the TL effect increases with RA, whereas the PsH effect remains constant.
Nonword Trials
Because half of the trials contained nonword targets that were either preceded by a PsH prime (or its yoked control) or a TL prime (or its yoked control), the data from the nonword trials could be analyzed in the same way as the word trials. Thus, error rates and inverse RTs for nonword targets were submitted to a threefactorial ANOVA with Grade (1-5), Prime (prime vs. control), and Condition (PsH vs. TL) as factors. Grade was a between-subjects factor, whereas Prime and Condition were within-subject factors. The results appear in Tables 4 and 5 .
The accuracy data showed a significant main effect of Grade, F(4, 233) Ͻ 1) . In sum, the nonword data did not show any interesting effects apart from a significant priming effect on inverse RTs. Most important is that priming did not interact with Grade or Condition. The fact that TL priming did not increase with grade for nonword targets (unlike for word targets) strengthens the claim that the increase in the size of the TL priming effect for words was due to the development of orthographic representations used to identify known words.
Discussion
In the present study, we used the masked priming paradigm to shed light on the role of orthographic and phonological processing during reading development. Masked priming is an ideal paradigm for this purpose as it allows one to compare net priming effects that directly reflect the activation of orthographic and phonological codes. It is also an ideal paradigm to use with children because the primes are not visible (no response strategies), and responses in a critical prime condition are made to the same target word that is preceded by either a "related" or an "unrelated" prime (thus avoiding problems of comparing different groups of items). In the Note. Standard deviations are in parentheses. PsH ϭ pseudohomophone; TL ϭ transposed-letter. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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ORTHOGRAPHIC AND PHONOLOGICAL MASKED PRIMING adult literature, masked priming has been extensively used to study the time course of various processes involved in reading (e.g., Ferrand & Grainger, 1992; Forster & Davis, 1984; Rastle & Brysbaert, 2006) . By and large, the masked priming paradigm has made it possible to uncover the time course of effects that have been perfectly replicated in more natural reading tasks using online measures, such as eye movements (e.g., Rayner, Pollatsek, & Binder, 1998) or event-related brain potentials (Grainger et al., 2006) . The results of the present study are straightforward. While the size of the TL priming effect (i.e., the orthographic marker effect) increased monotonically with grade or RA, the size of the PsH priming effect (i.e., the phonological marker effect) remained stable across grades and independent of RA. Interestingly, had we only looked at the net priming effect in the untransformed data (Table 2) , we would have come to the wrong conclusion that reliance on phonological activation decreases with RA. However, as nicely demonstrated by Faust and collaborators (1999) , in the presence of large differences in global response speed between groups-RTs in our study dropped from 1,866 ms (SD ϭ 551) in Grade 1 to 762 (SD ϭ 149) in Grade 5-it is inappropriate to draw conclusions about effect sizes based on absolute RT differences. When the data were z-transformed, as advocated by Faust et al. (1999) as one solution to this problem, it became clear that PsH effects in the present task do not decrease with RA. Normalizing the data by using an inverse RT transformation had the same effect (see Figure 2) . The inverse RT transformation (i.e., 1/RT) normalizes RT data (i.e., it reduces the rightward skew of the RT distri- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
bution). This suggests that unequal variances across grades in the raw data are mainly due to the much longer tails of the RT distributions in younger than older readers. On the basis of these results, we advocate the use of inverse RTs in developmental studies. Conceptually, inverse RT is a speed measure (items per second), whereas standard RT is a latency measure (seconds per item). Conclusions can therefore be drawn in terms of effects of factors on untransformed reading speed. One important finding of the present study is a significant PsH priming effect that remains stable across development. This result challenges the view that more advanced readers should rely less on phonological activation than do younger readers (e.g., Doctor & Coltheart, 1980; Frith, 1985) . The idea that there is an age-related reduction in reliance on phonology mainly comes from studies which showed a reduction of the effects of word length on reading (Acha & Perea, 2008; Aghababian & Nazir, 2000; Bijeljac-Babic, Millogo, Farioli, & Grainger, 2004; Ziegler et al., 2003) or a reduction in error rate when children have to reject pseudohomophones in lexical decision or homophones in semantic categorization tasks (Doctor & Coltheart, 1980; Grainger, Lété, et al., 2012; Sprenger-Charolles, Siegel, Bechennec, & Serniclaes, 2003) . However, the disappearance of the length effect in reading aloud does not necessarily mean that children rely less on phonology as they become better readers but rather that the phonological computation has become more efficient and parallel, possibly relying on the computation of larger chunks than individual letters and/or graphemes. Furthermore, the age-related reduction in error rate when participants have to reject pseudohomophones or homophones might well result from better specified orthographic representations rather than weaker phonological activation. This possibility is not only consistent with a number of developmental priming studies, which showed fast, automatic, and general phonological activation that did not decrease with age (Alario, De Cara, & Ziegler, 2007; Booth et al., 1999) but also with the great bulk of studies on skilled reading, which have shown robust phonological influences in adults (e.g., Braun et al., 2009; Ferrand & Grainger, 1992; Lukatela & Turvey, 1994a , 1994b Rastle & Brysbaert, 2006; Ziegler et al., 1997) . Still, it is worth noting that the phonological priming effect was overall smaller than the orthographic priming effect (Figure 2 ), which suggests that more attention needs to be given to orthographic processes in developing readers, which are far less studied than phonological processes (Castles & Nation, 2006; Castles et al., 2007; Grainger & Ziegler, 2011) .
The second important finding is the monotonic increase in the size of the TL effect across grades and reading age. Lété and Fayol (2013) showed a similar increase in TL priming between Grades 3 and 5. Moreover, in a recent study, Kohnen and Castles (2013) showed that children made many more errors on "migratable" words (e.g., parties ¡ pirates; three ¡ there) than on nonmigratable words. As in our study, the proportion of migration errors (i.e., the TL effect) tended to increase with increasing grade level. It is notable that the proportion of migration errors was correlated with lexical reading skills, but not with other subcomponents of reading or guessing strategies. This finding is consistent with Ziegler et al.'s (2013) observation that the size of TL effects in a word-learning experiment with nonhuman primates (Grainger, Dufau, Montant, Ziegler, & Fagot, 2012) was strongly correlated with their overall word accuracy. Together, these findings converge to suggest that direct orthographic access is achieved through coarsegrained orthographic coding that tolerates some degree of flexibility in letter order. Indeed, all recent theories of letter-position This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
7 coding predict facilitatory TL effects due to some form of flexible position coding (Davis, 2010; Gomez et al., 2008; Hannagan & Grainger, 2012; Whitney, 2001) . Thus, in line with the predictions of the dual-route model of orthographic development (Grainger & Ziegler, 2011) , the size of the TL effects increased with reading development, which suggests greater reliance on coarse-grained orthographic coding in the course of development. It remains to be discussed why some of the previous masked priming studies did not show an increase in the size of the TL effect across grades. There are at least three key differences between the present study and prior research using masked priming, which might explain some of the differences. One is the use of the sandwich priming variant of masked priming, known to provide a more sensitive measure of orthographic priming than standard masked priming (Ktori, Grainger, Dufau, & Holcomb, 2012; Lupker & Davis, 2009) . When comparing the TL priming effects obtained with children of comparable age in the Acha and Perea (2008) study, which was the only study to use the same doubleletter substitution control condition as used in the present work, it becomes clear that priming effects in our study were twice as large as priming effects in their study. Another key difference is the use of transformed data in order to reduce contamination from absolute RT differences across different groups of readers (for a similar use of z scores, see Acha & Fayol, 2013) . As suggested earlier, when absolute reading speed varies across different groups or reading levels, conclusions on the basis of absolute RT differences are problematic (Faust et al., 1999) . Finally, our study is the only one in which children in all five grades of primary education were tested. On this point it is interesting to note that if we had only examined performance in Grade 2 and Grade 4 using untransformed RTs, then we would have been led to draw the opposite conclusion. That is, the net TL priming effect using untransformed RTs was 101 ms in Grade 2 and 62 ms in Grade 4 (see Table 2 ). Taken at face value, this reduction in net priming could have been taken to suggest that TL priming effects diminish with age, which is not the case when the results are analyzed properly using normalized data. More research is needed to investigate to what extent the present findings can be replicated using different sets of items in different languages. Note, however, there is no reason to believe that the present findings are specific to French because PsH and TL effects have been reported in many alphabetic languages (e.g., English, Dutch, Spanish, and German; for a review, see Frost, 2012) .
In sum then, although the present study was not longitudinal, it nevertheless draws a clear picture about the development of orthographic and phonological marker effects in silent reading. The data show that phonological information not only plays an important role in early reading development (Bosman & de Groot, 1996) but continues to exert a stable effect throughout reading development. At the same time, orthographic development takes place, which manifests itself as an increase in the size of TL priming effects, which, in turn, is in line with the hypothesized development of coarse-grained orthographic coding as children become more skilled readers (Grainger, Lété, et al., 2012; Grainger & Ziegler, 2011) . Finally, from a purely methodological perspective, the present work highlights how important it is to consider issues of measurement sensitivity, data normalization, and number of age groups when evaluating developmental trajectories.
